As a result of recent investigations, the clinical value of the determination of vital capaci.ty in disease:; of the heart and lungs has attracted attention, especially since this measurement is often found to be greatly reduced by nrious pathologic conditions of these organs. It has long been recognized, however, that in order for the determination of the vital capacity to be of any great practical value, it is necessary, first, to determine the normal relationship existing between it and other body measurements. Investigators, therefore, have attempted to establish normal standards for vital capacity based on age, height, body weight, stem length, trunk volume and surface area, but in most instances have neglected to determine the extent of normal variability. Since for any body measurement the lung capacity is known to show a certain amount of variability, it is clear that in order to detect abnormal fluctuations, the extent of normal variability must be determined first. Therefore, in connection with the study of vital capacity for children, an attempt is made to es~imate the extent of normal variability during childhood.
9 and 10, and finally according to body weight in Tables 11 and 12 . In addition, observations are recorded for fourteen boys and twenty-six girls (Table 13 ) afflicted with mitral in ufficiency of varying degrees of severity; for seventeen boys and fourteen girls (Table 14) suffering from acute bronchitis; for four boys and five girls (Table 15 ) with pneumonia; for thirteen boys and four girls (Table 16 ) subject to asthma; and lastly for seventy-nine boys and seventy-one girls (Tables ~ 17 and 18) having tuberculosis. The total of all the observations for 0 vital capacity, including both the normal and also the pathologic cases, i amounts to 1,420 with the boys and 1,342 with the girls, a grand total of 2,762 cases.
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The vital capacity was measured by means of an accurately calibrated wet spirometer, which offered very little resistance to expiration. The children were carefully instructed to take the deepest possible im:piration, and to empty the lungs completely into the spirometer. As a rule, small groups were taken at a time, so each subject understood from observation how to cooperate to the best advantage. Every child was permitted several trials, and the maximum repeatedly expired was recorded as the vital capacity. The children were urged to do their best, and usually the spirit of competition was sufficiently keen to make one reasonably certain that the records obtained represent the best effort they were capable of exerting. In instances where the cooperation of the child was unsatisfactory, the data were discarded. Furthermore, children having an unusually low vital capacity were included in the averages only in case they gave no hi story of chronic heart or lung disease. So far as possible all children suffering from acute respiratory infections were excluded from the averages. The vital capacities recorded are not corrected for temperature, aqueous vapor tension, or for variations in barometric pressure.
The children were weighed wearing their ordinary indoor winter clothing. In order to obtain the net weight, the weight of the clothing (computed as recommended by Bardeen 1 ) is deducted from the observed gross weight. The standing height (in stocking feet), and also the sitting height (measured with the children seated against a perpendicular scale) was recorded for each child in the majority of instances.
In the analysis of the data for the normal children, as averaged according to age, standing height, and stem length, in each case statistical methods are employed to calculate the degree each average might be expected to fluctuate ·were observations obtainable upon an infinitely large number of comparable series of cases, and also to determine the extent of absolute and relative variability of vital capacity, by the estimating of the probable error, the standard deviation, and by computing the coefficients of variation, respectively.
The possibility of deriving the approximate normal vital capacity by the estimating of the probable error, the standard deviation, and for any known age, standing height, sitting height, or weight, by means of empirical formula is discussed later on. Tables 1 and 2 . Since there is a sexual difference in vital capacity at corresponding ages, the data for the boys and girls are averaged separately in the tables. In most instances the number of subjects in each group is sufficiently large to render the means fairly significant, especially for the boys from 6 to 16 years, inclusive, and for the girls from 6 to 15 years. For the other groups the averages recorded are probably . of less significance, due to the fact that they include relatively fewer observations. Between 6 and 16 years of age, inclusive, the average vital capacity of the lungs with the boys (Table 1) shows an increase from 1,154 to 3,425 c.c., the absolute gain during the ten years amounting to 2,271 c.c. When expressed in terms of relative increase, this gain amounts to about 197 per cent. Consequently, at 16 years of age the average vital capacity for the boys is practically three times as great as the initial value at 6 years.
With the girls between 6 and 16 years of age, inclusive (Table 2) , the average vital capacity increases from 1,085 to 2,778 c.c. The absolute gain in this case amounts to 1,693 c.c., or approximately 578 c.c. less than the increase registered by the boys during a similar period. The relative increase for the ten years amounts to approximately 156 per cent. with the girls, as compared with 197 per cent. gain for the boys. Consequently, at 16 years of age the vital capacity with the girls is only two and one-half times as great as the initial 6 year average.
As is true of physical measurements in general, the vital capacity likewise fluctuates within rather wide limits. Thus, at practically each age the maximum vital capacity recorded (Tables 1 and 2) is two or more times as large as the minimum observed. On inspecting the individual data, however, it is found that in many cases these extreme variations in lung capacity at each age, paralleled to some extent the individual's variation in size from the average of his respectiYe groups. Thus, the unusually low vital capacities recorded, were obtained, a a rule, from children considerably below the average size for their age, whereas the maximum readings were usually for children considerably larger than their group average. The absolute extent of the variation becomes larger as the vital capacity increases, and also is usually greater for the boys than for the girls of corresponding age. Although absolute variability evidently increases with age, and differs for each sex, it does not necessarily follow that relative variability obeys the same rule. In order to determine the degree of relative variability in vital capacity at different ages, and for each sex, it is necessary to resort to methods of statistical analysis of the data. This is attempted in a succeeding paragraph. Sampling, I C'.c.
per Cent. tion, C.e.
C.c. Capacity C.e. y =(ax)± b C.c. The general trend of the increase in the average vital capacity of the lungs with advancing age is shown graphically in Figure 1 . In order to eliminate minor fluctuations the curves have been smoothed by means of graphic interpolation. This produces a curve which probably conforms more exactly with the type of curve that would be obtained from averages based upon an infinitely large number of cases, and probably represents more nearly the true mean vital capacity. The mean vital capacity at each age, as determined by graphic interpolation, is recorded in Tables 1 and 2 , and represented in graphic form in Figure l . The actual averages for the vital capacity are represented in the figure by dots for the boys and by circles for the girls. In general,
-----------·-------------------------
,0 the smoothed curve of vital capacity for each sex tends to assume a concave form corresponding closely with the curve based on the actual averages. From 4 to 11 years, inclusive, the curve for boys is practically a straight line, due to the . fair uniformity of the yearly increase in vital capacity. This is followed later by a period of acceleration reaching a maximum at 14 years, which apparently is fairly well maintained, although at a reduced rate, at least until 19. This accounts largely for the general concavity of the curve.
There appear, therefore, to be three main phases in the curve representing the increase in vital capacity for the boys between 4 and 19 years: ( 1) a period of fairly uniform increase between 4 and 10; (2) a period of acceleration extending from 12 to 14, and (3) a period of uniform but less rapid increase in vital capacity to 19.
The smoothed curve of vital capacity (Fig. 1 ) for the girls likewise shows several phases. Between 4 and 6 years of age the curve rises rather abruptly. From 7 to 10 the annual increase in vital capacity is fairly uniform but slower than during the earlier period. An acceleration in the rate of increase occurs at 11 and persists until 13. Due, in part, to the failure of this rapid yearly increase in vital capacity to continue during the following five years, the concavity produced by the prepubertal acceleration in the curve of vital capacity as plotted against age is much less marked for the girls than for the boys, and also does not extend over as great a period of years as with the former.
The accelerated increase in vital capacity appearing at 11 and 12 years of age for the girls and boys, respectively, is, no doubt, related to the normal prepubertal acceleration of the growth of the body as a whole.
The difference in vital capacity between girls and boys at corresponding ages, is clearly shown by the curves in Figure 1 . Throughout the period studied the boys have the larger lung capacity. At 6 years the difference amounts to approximately 79 c.c., which at 10 years has increased to 174 c.c. Subsequently the girls show a more rapid increase in vital capacity which reduces the difference to 125 c.c. at 12 years of age. From the fourteenth year on, the difference in vital capacity between the two sexes, rapidly increases.
As long ago as 1854 Wintrich 2 noted the existence of a sexual difference in the vital capacity of the lungs, and observed that this difference persists until old age. Since then this observation has been confirmed frequently by practically all investigators who have studied the subject. Among the more recent and extensive observations on children, the data collected by Gilbert, 3 for 1,279 boys and 1,244 girls, and also Smedley's 4 averages for 2,788 boys and 3,471 girls, show the vital capacity at all ages to be larger for the boys. Baldwin 5 apparently 10 is the only one who has obtained different results. He slates that boys have a greater lung capacity on the average than the girls, except between 13 and 14 years of age when just the reverse is true. l\Iy own data indicate a larger vital capacity for the boys at all ages, and thus are in agreement with the findings of Gilbert, Smedley and others.
The absolute yearly increase in vital capacity for th e boys (Tab le 1) is fairly uniform until 10 years of age, but at the eleventh year the increase is considerably lower than that registered at any other time. Following this period of retardation, the absolute annual growth in vital capacity becomes accelerated and until 19 years maintains a more rapid rise than occurs at any earlier age.
With the girls the average absolute annual increase in vital capacity (Table 2 ) also is fairly uniform between 6 and 10 years of age. Starting at 11 years (one year earlier than noted with the boys), the absolute annual increase becomes accelerated, but is maintained only until the fifteenth year; whereas with the boys the vital capacity continues to grow rapidly until 19 years of age. This results on a marked divergence at the period between the curves for vital capacity for the two sexes when plotted against age. The greatest annual gain in vital capacity amounted to 323 c.c. for the boys during the fifteenth year, as compared with a smaller maximum of 224 c.c. for the girls at 13 years of age.
A consideration of the percentage annual increase in vital capacity gives one a conception of the relative rapidity of growth in this respect at different ages. With the boys the rate of relative increase diminishes rapidly from an average annual gain between 4 and S years of 21 per cent., to a minimum rate of 8.2 per cent. at 11 years of age. During the following three years, the rate of growth of lung capacity becomes relatively more rapid, rising to 13.1 per cent. at 14 years, but later steadily declines.
With the girls the relative increase in vital capacity decreases from 32.3 to 10.6 per cent. between S and 10 years inclusive. During the following two years the rate of annual growth becomes more rapid, amounting to 11.4 per cent. at 12 yoors as compared with a rise to 13.l per cent. for the boys at 14. Following this period of acceleration, the rate of increase in lung capacity diminishes rapidly. .
In general, then, for each sex the relative rate of annual growth in vital capacity shows a tendency to decrease during early childhood, becomes slightly more rapid about the time of the advent of puberty, and later gradually declines. The period of acceleration in the rate of lung capacity growth begins and terminates at an earlier age with the girls than with the boys. The data published by Smedley,4 which are the most extensive series of observations on children at present available in the literature, like-wise show that the rate of annual increase in vital capacity diminishes during early childhood, rises about the time of puberty and later declines. Ilis averages also indicate that the prepubertal acceleration appears later. and is relatively greater with the boys than with the girls.
If we now return to a consideration of the smoothed curves of \'ital capacity as plotted against age (Fig. 1) it is found possible to diYide the cunc for each sex into three phases, so selected that each segment conforms closely to straight lines of different incliniation. Thus for the boys the portions of the curve between 4 and 9 years, bet\\·een 10 and 12 years, and between 13 and 19 years deviate but slightly from the straight lines connecting these various points. Like11·ise, with the girls the successive segments from 4 to 11, 12 to 14, and 15 to 18 years of age, inclusive, also conform rather closely to the different straight lines drawn through these points.
The value of any point upon a straight line may be readily determined by means of the empirical formula y =ax + b, where y = the unknown value, a= a known variable, x =a constant, and b =a second constant. It follows, therefore, that the vital capacity between successive segments of the curve conforming closely to a straight line may be determined in a fairly satisfactory and accurate manner by employing the above formula where y = the vital capacity to c.c., a= the age in years, x =a constant, and ± b =a second constant. The vital capacity as derived by formula, and also the different values for the constants x and b are given in Tables 1 and 2 . On inspecting the data the computed vital capacities are found to agree rather closely with the means as determined by graphic interpolation. With the boys the greatest difference occurs at 16 years where value derived by formula is 37 c.c. too low. For the girls the greatest deviation amounts to 60 c.c. at 14 'years. Evidently, therefore, the vital capacity of the lungs for each between certain ages, may be derived with fair accuracy by means of a simple straight line formula.
The necessity of establishing some relationship between the vital capacity of the lungs and other body measurements in order to be of any practical clinical value has long been recognized. In 1846 Hutchinson,6 by inventing the spirometer, was the first to obtain extensive and accurate records of vital capacity. From this scientific pioneer study Hutchinson concluded that a definite relationship exists to standing height, the vital capacity increasing in a simple arithmetical progression with increase in height. For each additional inch with individuals between 5 and 6 feet tall he states that 8 additional cubic inches of air at 60 F. may be given out by a forced expiration. Hutchinson also 6. Hutchinson. J.: On the Capacity of the Lungs and on the Respiratory Functions, Med. chir. Tr. 29, 1846 , Lancet 1· 1846 recognized that weight, age and sex might modify averages to some extent, but believed, however, that no definite relationship existed between vital capacity and either the body weight, the sitting height, or the chest circumference.
Fabius 7 pointed out the occurrence of marked individual variation from averages based on height. He asserted that the vital capacity divided by the product of. of the stem length (measured from the external accipital protuberance to the tip of the coccyx) and the chest circumference produced a constant which varied only a slight extent with different individuals. The cause of this variability in the constant Fabius attributed to differences in age and chest expansion. Fabius emphasized, therefore, that the length, circumference and mobility of the chest should be measured in determining whether or not an individual's vital capacity is normal.
Wintrich 2 investigated the vital capacity of the lungs of 3,500 healthy persons including 500 women. He noted that during childhood age influenced the vital capacity markedly, and also that a sexual difference persisted into old age. Wintrich was interested mainly in the relationship between vital capacity and height.
Schneevoogt 8 concluded that standards of vital capacity in relation to age and height are of the most practical value, and claimed that deviations of 500 c.c. from such standards could not be assumed to be necessarily abnormal. .
Arnold 9 found extremes of fluctuations to be greater when comparisons were made on a basis of stem length, rather than on standing height. In discussing the smaller vital capacity of the lungs of women as compared with the men relative to height and chest circumference, Arnold points out that the chest expansion is less for the females than for the males.
From a study of the vital capacity of the lungs of 515 students, Kottelman 10 observed that the lung capacity increases with age faster than the growth in body length occurs. MacDonald 11 points out that the data presented by Kottelman also show that weight increases with age more rapidly than increase in lung capacity. 
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The existence oi a relationship between vital capacity and weight is disputed by Hall. 12 This observer arrived at the unique conclusion that the vital capacity varies directly with the strength of the individual.
Bohr 13 objected to the use of standing height for estimating the normal vital capacity on the grounds that the individual variability is so great as to render this method inapplicable. He maintained that the total and residual air as well as the vital capacity should be determined, and placed greater emphasis upon the percentage relationship between these various subdivi sions of the total lung volume, than on their absolute value. Hasselbach,1 3 a Rubow, 14 Siebeck,1 5 Bie and Maar 16 and Flesch 11 also investigated the relationship between the total lung Yolume, the middle and vital capacities and the residual air in normal and pathologic conditions, and likewise were interested more in the relative than in the absolute value of the different volumes.
Peabody and Wentworth, 18 studying the vital capacities for a group of 140 healthy adults (ninety-six males and forty-four females), divided the subjects into three groups according to their height and considered the average vital capacity for each group as a normal standard for corresponding height. Of the ninety-six men, 84 per cent. registered vital capacities falling within 10 per cent. of their respective normal. These same authors, in a study of a small group of cases, have also found a rather close relationship to the body surface area.
Recently Lundsgaard and Van Slyke 19 have claimed that the vital capacity of the lungs is closely related to the calculated chest volume.
The chest they considered as a geometrical figure and the product of three dimensions was considered to represent a volume proportional to the chest volume. The height of the chest was taken as the length of the sternum from the superior border to a point just below the articulation with the xiphoid cartilage. The depth was taken as the horizontal distance from the middle of the sternum at the \eye\ of the insertion of the third costal cartilage, to the spinal column; and the breadth as the distance across the sixth rib in the mid axillary line.
The normal vital capacity in man and its relation to the size of the body has also been the subject of a paper published recently by Dreyer.20 Based largely on the data of Hutchinson 6 and Schuster, 21 together with some observations of his own, Dreyer has claimed that the vital capacity is a function of the weight. This, he says. can be expressed by the formula w• = K, where W is the net weight in grams, v.c. the vital capacity in c~bic centimeters, the power n is 0.72, and K is a constant. He further states that since it is already established that ~· = K 2 where W = net weight, S = body surface and n is 0.72, it follows that the vital capacity is a simple function of the body surface.
The relation between the vital capacity and stem length Dreyer finds to be correctly expressed by the formula SH' = K 3 where SH = the v.c.
stem length in centimeters, v.c. =vital capacity in cubic centi meters, the power n is approximately 2, and K 3 is a constant. Between the vital capacity and the chest circumference the existing relation can be expressed by the formula ~~~ = K 4 , where Ch= circumference of chest in cubic centimeters, v.c. =the vital capacity in centimeters, the power n is approximately 2, and K 4 is a constant.
Also SHv~.Ch = K 5 where SH stem length in centimeters Ch= chest circumference in centimeters v.c. = vital capacity in cubic centimeters, and K 5 is a constant. Dreyer has pointed out, therefore, that the vital capacity is definitely related to the 0.72 power of the weight, directly to the body surface area, to the square of the stem length, t_o the square of the chest circumference, and to the trunk volume ( estimated as the product of the chest circumference and stem length), and states that the above is also the order of the importance of these relations.
In discussing the variability of vital capacity in normal persons, Dreyer shows that for the 16 individuals which he studied the mean deviation, as estimated by the method of least squares, of the va)ues for K computed from the formula based on the two thirds and the 0.72 power of the body weight, in the two cases amounted to 3.56 and 2.6-t per cent., respectiYely, or distinctly lower when the best power for the weight (0.72) is used. This, Dreyer says, indicates that if a person is found to have a vital capacity 6 per cent. smaller or larger than that calculated from his body surface, he probably has a normal vital capacity, and if the Yitai capacity is 10 per cent. above or below the normal it is almost certain to be abnormal. On using the data of Fitzgerald. Purefoy and Haldane,2 2 however, a mean deviation of 15.8 per cent. is obtained, or five times as great as in Dreyer's series. Dreyer attributes this great difference in variability to the fact that the observations of Fitzgerald, Purefoy and Haldane were carried out on a more highl)' mixed material. He also calls attention to the differences in vital capacity exhibited by the different classes studied by Hutchinson, which apparently have nothing to do with fundamental bodily deficiencies but are simply a result of conditions depending upon occupation and mode of life. The existence of normal individual difference of vital capacity has constituted a real difficulty in its practical clinical application, but aside from this study of Dreyer's, apparently no one has attempted to estimate its extent by statistical methods. It is absolutely essential to determine the magnitude of the deviation from the average met with in normal and healthy individuals, before it is possible to decide whether the vital capacity for any given person should be considered normal or abnormal. Knowing the extent of normal variability of vital capacity also enables one to more fully appreciate both the limitations and the possibilities of its applicability in clinical work. In this study an attempt is made to determine the extent of variability of vital capacity during childhood.
Before entering into a consideration of the normal variability, a consideration of the reliability of the averages obtained for the vital capacity seems appropriate. The measure of the trustworthiness of an average derived from a limited number of observations is furnished by the so-called probable error of randll111 sampling. To be more explicit, the probable error of random samµling is a measure of the extent that the average values would be expected to vary, were the observations made at random upon an infinitely large number of comparable series of cases, and is so chosen, that half of these values would lie inside, and half outside the limits of the probable error. Therefore in an infinitely large series roughly 50 per cent. of the averages will fall within the limit of the range of the probable error about the average based upon a limited number of cases. The probable error assumes 16 the data to be technically correct, and has nothing to do with inaccuracies in measurement. The probable error of the average or mean vital capacity at each age has been calculated by means of the formula 0.6745 X v~ where S =standard deviation, and n =number of observations, and the results obtained may be found in Tables 1 and 2 . The derivation and significance of the standard deviation is discussed at a later time.
During childhood it appears that in general, for the various groups, the calculated probable error of random sampling for each sex (Tables  1 and 2 ) constantly increases with advancing age. For the boys the value 15.6 c.c. at 6 years has increased· to 29.8 c.c. at 15 years of age. With the girls during this same period the probable error increases from 14 at 6 to 24.3 at 15 years. In applying this information we can conclude for the boys at 15 years of age, that were the vital capacity taken for a large series of comparable groups of individuals the chances are that half these series would show averages falling between 3,145 c.c. ± 29.8 c.c., while the remaining 50 per cent. lie either above or below this limit. In other words, for boys a. t this age, 50 per cent. of all group averages can be expected to vary not more than 29.8 c.c. above or 29.8 c.c. below that obtained. Derivations markedly beyond these limits probably indicate the existence of biological differences between the groups concerned.
The most commonly used measure of the dispersal of the individual measurements from the average of the sum of all the observations is the standard deviation. The standard deviation is obtained first by squaring all the deviations from the average, summing these squares, and then dividing this sum by the number of deviants, which gives the meansquare deviation. The square root of this mean-square deviation is designated as the standard deviation. The practical value of the standard deviation lies in the fact that it indicates the degree of the absolute variability, within the limits of which the probability is that the measurement obtained is more apt to be normal, and commonly the greater the deviation beyond the limits established by the standard deviation the greater the probability is that the measurement is abnormal. It is also particularly useful in the determination of measures of interrelationship.
The standard deviation from the average vital capacity of the lungs at each age has been calculated for the boys between 6 to 16 years, inclusive, and from 6 to 15 years for the girls (Tables 1 and 2 ) · The number of subjects in each group during this period was considered sufficiently large to justify the procedure. Between 6 and 16 years of age for both sexes the absolute value of the standard deviation increases roughly three fold. With the boys it increases from about 182 c.c. at ._____ ___________________________ ... c.c. at this age, and could not be considered as definitely abnormal. In clinical work, however, those subjects approaching the lower limits of normal variability would, no doubt, cause the greater concern.
With the girls the standard deviation (Table 2) increases from 163 c.c. at 6 years to 413 c.c. at 15 years. At corresponding ages the absolute value of the standard deviations are usually somewhat smaller for the girls than for the boys.
In order to make comparison between the relative degree of variability of the vital capacity at different ages, it is necessary to reduce the various standard deviations to a comparable basis. This is readily accomplished by computing the percentage that the standard deviation at each age forms of the average vital capacity for that period. This relatiYe variability constant is known as the coefficient of variation, and is in reality the per cent. that the standard deviation forms of the respective mean or average.
For the boys the coefficient of variation (Table 1 ) between 6 and 11 years of age apparently decreases from 15.8 to 13.6. Thus at 6 years the normal variability of vital capacity expected is approximately 15.8 per cent. above or below the average for that age, which at 11 years has decreased to 13.6 per cent. During the following years the vital capacity becomes considerably more variable, the coefficient of variation at 14 years rising to 17.8, with apparently a tendency to decrease during the succeeding two years.
For the girls the coefficient of variation (Table 2) decreases from 15 at 6 years to 13.5 at 8 years. Subsequently it rises, reaching a maximum of 17.5 at 13 years, one year earlier than the maximum coefficient of variation recorded for the boys. Later the variability apparently decreases. At 11 years of age an unusually low coefficient of 13.4 was obtained from the data, which possibly may be accidental in character. On consideration of the extent of variability in vital capacity it appears that for each sex variability decreases during early childhood, increases about the period of puberty, and later declines. In the main essentials the general trend of the variability in vital capacity is quite similar to that noted in respect to variability in weight and height during growth, for sim"ilarly the variability of these two physical measurements decreases at first, rises to atta-in a maximum about the time of puberty, and then diminishes again.
Although the standard deviation and the coefficient of variation gives a rough measure of the degree of absolute variability, a further conception of variability may be gained through the determination of the probable error of the data. Provided the curve of distribution of the individual observations conforms to the ideal mathematical type of symmetrical distribution curve, the statistical constant known as the probable error of the data establishes limits within which approximately 50 per cent. of all observations taken at random will be expected to fall. Of the remaining 50 per cent. of observations, 25 per cent. will lie above and 25 per cent. below the limits established. The probable error of the data may be computed by means of the formula 0.6745 X SD, where SD is the standard deviation. In general, if a large number of observations is collected, one finds that the majority occur near the average value for the measurement taken, and the greater the deviation from the average the smaller the groups become. The frequency or distribution curve plotted for extensive series of observations often is found to conform very closely to the ideal symmetrical mathematical type of distribution or probability curve. Under such circumstances the determination of the probable error of the data of this series of observations is of especial significance as explained above. \~ith respect to the observations on the vital capacity of the lungs the value and significance of the distribution curves based upon this data is greatly limited due to the small number of observations available. The data at present are insufficient to establish definitely the character of their distribution curve. At same later time it is hoped to be able to accumulate enough data to definitely establish an approximate limiting distribution curve for this measurement. To date, however, the curves obtained for the vital capacity in general appear to conform fairly well with the ideal symmetrical mathematical distribution curve. For the present, therefore, I feel it safe to assume that approximately 50 per cent. of cases taken at random will have vital capacities falling within the limits established by the probable error of the standard deviation for the group concerned. Twenty-five per cent. will lie above and 25 per cent. below these limits. If expressed in terms of per cent., the children constituting the last group, in general, have vital capacities 10 per cent. or more below the expected normal. By recording any individual vital capacity, one thus may easily classify the patient as to the group to which the child belongs. Subjects falling into the group representing the poorer one fourth of the child population are children who probably deserve special study to eliminate pulmonary or cardiac disease as a factor causing their low standard of physical fitness. Experience has shown, however, that an apparently normal vital capacity does not exclude the necessity of thorough examination when the patient is suspected of having tuberculosis, for occasionally the vital capacity may be normal as compared with averages, even in the presence of serious disease of the lungs. Should the accumulation of more extensive observation on the vital capacity of the lungs reveal the fact that the frequency curve derived from such data does not conform to the ideal symmetrical mathematical probability curve, but shows a certain definite skewness the above statements necessarily must be modified.
3. Vital Capacity and St.anding Height.-In Tables 3 and 4 the data have been averaged in groups (sexes separated), each group including subjects differing 5 cm. or less in standing height, age and other physical measurement being disregarded. With a growth from an average of 108 cm. to 168 cm. in height, the vital capacity for the boys (Table 4) has increased from 1,074 c.c. to 3,625 c.c., an increase of 2,551 c.c. Thus, with an increase of 60 cm. in standing height representing approximately 54.5 per cent. growth of this measurement, the vital capacity has increased more than 237 per cent. On the whole, then, growth of vital capacity at this period with the boys, occurs about four times as rapidly as the growth in height. For the girls, accompanying a growth in height from 108 cm. to 168 cm. the Yitai capacity (Table 4) increases from 1,022 c.c. to 3,017 c.c. This increase of 1,995 c.c. represents a percentage increase of about 195 per cent., as compared with 237 per cent. with the boys for a corresponding growth in height. Nevertheless, also with the girls the lung capacity increases more rapidly than increase in height occurs.
The increase in lung capacity for each sex as plotted against standing height is represented graphically by means of smoothed curves (as determined by graphic interpolation) in Figure 2 . The curves for each sex when determined by this method tend to pursue a sinuous course, being somewhat concave in form with the boys up until the standing height reaches approximately 175 cm., and with the girls until they become about 165 cm. tall. Beyond these points the direction of each curve changes tending to straighten out to some extent. The greater vital capacity for the boys as compared with the girls of corresponding height is clearly shown. The extent of the difference between the boy and girls in general. appears to increase constantly as they grow taller. If we analyze the curves more completely we find that with the boys the increase in vital capacity plotted against height, is fairly uniform until the individuals are about 148 cm. tall. With growth from 148 cm. to 173 cm. in height, the increase in vital capacity becomes more rapid, but beyond 173 cm. it diminishes considerably in rate.
For the girls the most rapid increase in vital capacity accompanies the growth in height from 143 to 160 cm.
The absolute increase in vital capacity (Tables 3 and 4 ) which accompanies each successive growth of 5 cm. in standing height is fairly uniform with the boys until they become approximately 143 cm. tall, and with the girls until they reach a standing height of 138 cm. At these points the absolute increase rises rapidly reaching a maximum of 308 c.c. for the boys when 163 cm. tall, as compared with 209 c.c. for the girls at a standing height of 153 cm. Subsequently the absolute increase for each sex steadily declines. Evidently, therefore, with each sex the increase in vital capacity for each 5 am. growth in height is not uniform throughout childhood. Hutchinson's conclusion, based on data collected largely from adults, that vital capacity increases in a simple arithmetical progression with increasing height certainly does not apply to the period of childhood. Dreyer has demonstrated recently from . Hutchinson's data that this contention was erroneous, and has shown that even for adults the vital capacity is not a simple function of the body height, since it increases in an irregular manner and not at a fixed rate with each unit increase in height. c~1· standing height, and for the girls from 148 to 153 cm. tall. ~he ~light tendency to acceleration in rate after an earlier period of decl~ne is .much less striking in the case of the averages based on standing height, as compared with that based on age.
As in the case of the curves for vital capacity as plotted against age, likewise those plotted against standing height may be divided into several phases so selected that each phase conforms very closely to a straight line. The empirical formula y = (ax) ± b by which each of these straight lines may be derived, therefore, affords a fairly satisfactory method by which the vital capacity at any height may be computed when y = the vital capacity, a = the standing height in cm., x = a constant, and ± b = a second constant. The vital capacities, as computed by means of the above formula, are recorded in Tables 3  and 4 , and, in general, agree fairly closely with the averages as determined by means of graphic interpolation. The constants used in computing the values for each portion of the two curves may be obtained by referring to Tables 3 and 4. The probable error of random sampling (Tables 3 and 4) computed for the vital capacities as averaged according to standing height, in general, with each sex tends to become larger as the individuals grow taller and have a greater lung capacity. For all groups, however, the probable error is comparatively small.
The standard deviations about the means based on standing height (Tables 3 and 4) for each sex tend to increase as the groups become taller, and are, as a rule, greater for the boys than for the girls of corresponding height. In general, the absolute values obtained for the standard deviation seem to be somewhat greater when the data are averaged in groups differing one year in age, as compared with the deviation occurring when the subjects are averaged in groups differing 5 cm. in standing height.
On reducing the standard deviation to the coefficient of variation (Tables 3 and 4 ) one finds the vital capacity from each sex to become relatively less variable with increasing height until they become 133 cm. tall. Subsequently the variability increases 2 per cent. for a short period and later declines. The general trend of relative variabil\ty in vital capacity with relation to average based upon either age or height are quite similar, in both instances showing a tendency to decrease at first, followed by a period of increased variability, which later declines again. The actual values for the coefficients of variation (Tables 3  and 4) , for the most part, vary between 10.5 and 12.5. It appears, therefore, that individual records of vital capacity fluctuating between 12 per cent. above, or 12 per cent. below the average expected for corresponding height, could not be interpreted as definitely abnormal. Should the record vary more than 12 per cent. below the averages, the individual record immediately falls into the class that are apt to be abnormal, and such persons, no doubt, should be examined with care to determine the cause of thei r low standard of physicla fitness in this re5pect.
If the coefficients of variation for the averages based on age are compared with those derived from averages based on height, the values will be found to be considerably higher in the fonmer case. Due to the presence of less variability, it appears, therefore, that averages based on grouping of the subjects differing 5 cm. in standing height, for more satisfactory normal standards, than the averages based on age at yearly intervals.
By distributing and averaging the cases at each age according to height, as accomplished in Tables 5 and 6 , one is able to gain some conception of the influence of these two factors on the vital capacity. \Vhen arranged in this manner it is plainly evident that at any age the taller subjects tend to have a much larger vital capacity than the shorter ones of the same age. This holds true for the girls as well as for the boys. The difference is quite considerable in many instances. Thus, for example, at 14 years of age the average vital capacity for twentyfive girls approximately 150 cm. tall was 2,292 c.c., whereas for thirty-five girls of the same age but approximately 15 cm. taller, the vital capacity averaged 2,824 c.c. or 532 more than for the shorter group. The condition of other ages is similar. It is evident, therefore, that at any age differences in standing height influence the vital capacity to a considerable degree. If we now consider the influence of age on the vital capacity for individuals of about the same standing height no such striking difference is found. In several instances the average vital capacity is slightly greater for the older than for the younger individuals of corresponding average height, but this is not consistently the case. On the whole, it seems clear that the difference in the vital capacity of the lungs among children of the same age but differing considerably in height, is far more striking than the differences noted among children of the same height but of different age. However, in comparing individual records '':'ith .normal standards it is probably advisable to take both age and height mto consideration. Tables 7 and 8 the data for each sex have been aver~e~ i~ gro~ps, each group including subjects differing 2 cm. or less m s1ttmg height.
Vital Capacity and Sitting H eight.-In
For the boys the averages (Table 7) indicate that with an increase in stem length from 57 to 87 cm. the vital capacity increases from 1,071 to 3,607 c.c. Hence, with a .growth of 30 cm. in stem length, the vital capaci~y shows. an average mcrease o~ ~,536 c.c., or nearly 237 per cent.
With the g1rls (Table 8) for a similar growth in sitting height, the vital capacity increases from an average of 908 c.c. at 57 cm. stem length to 2,967 c.c. at 87 cm. stem length. The percentage increase in this case amounts to 1:7 per cent., or approximately 40 per cent. less than the increase registered by the boys for a similar growth in v. c. 9.9
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s1ttmg height. For both sexes, however, the total relatiY e increase in vital capacity exceeds that for the stem length. Dreyer claim s that the vital capacity is related to the square of the sitting height. \ Vhether or not this applies to the period of childhood will be considered later. The curves of vital capacity as plotted against sitting height are somewhat irregular when drawn from the actual averages. In order to eliminate the minor fluctuations they have been smoothed by means of graphic interpolation (Fig. 3) . The n1eans for the vital capacity derived in this manner for each sitting height are recorded in Tables  7 and 8 .
In general, the smoothed curves plotted against stem length for each sex are quite similar to those plotted against either age or standing height, showing at first a phase of fairly uniform increase in vital h .... capacity, followed by one of more rapid increase, and finally enters a phase of greater retardation in rate of growth of lung capacity. On the whole, the curves tend to a ume a concave form throughout the greater extent of their course, the concavity being more marked with the boys than with the girls. At corresponding sitting height the curves show clearly a greater vital capacity for the boys than for the girls, the difference tending to increase as the growth in stem length occurs. 
2<J
The absolute increase in vital capacity which accompanies each 2 cm. increase in sitting height (Tables 7 and 8) is fairly uniform for each sex at stem lengths ranging from 63 to 75 cm. At this point the absolute increase tends to rise reaching a maximum of 238 c.c. for the boys and 149 c.c. for the girls, at stem lengths of 85 and 79 cm., respectively. \\-ith each further increase of 2 cm. in sitting height the gain in vital capacity for each sex progressi,·ely diminishes.
The relati\·e increase per 2 cm. growth in sitting height, in general. appears to diminish at first as the stem length increases, reaching a minimum of 6.8 and 6.6 per cent. for the boys and girls, respectively, at 73 cm. sitting height. Subsequently, the relative rate of increase in vital capacity rises lightly with the boys to about 7.7 per cent. when the average sitting height is 85 cm., but later declines again. \\"ith the girl the tendency for the relative increase in lung cap..1.city to rise after an earlier period of decline is much less pronounced. It appears, however, that the rapidity of the decline in rate of percentage gain in vital capacity is greatly retarded at sitting heights ranging from 73 to 81 cm.
The relation between sitting height and vital capacity has been fully discussed by Dreyer. 20 Thi,, investigator states that the relationship between these two measuremenb may be expressed correctly by the formula ~'.~'. = K, where SI l =stem length in centimeters, \·.c. = vital capacity in cubic centimeters, the power 11 is approximately 2, and K is a constant. In other words, the vital capacity is related to the square of the itting height. Dreyer bases this opinion on an analysis of the data of I Iutchinson and Schuster, on sixteen personal observation , which to a large extent included observations mainly on adults. The average value for the constant obtained by Dreyer when derived in the above manner is 1.9 for males.
Dreyer measured the stem length by a special teclmic, seating the subject on the floor with his back against a perpendicular triangular projection, to which a ~cale is attached. On account of the influence of the muscles, the stem length taken when the subject is seated on a chair is found to be about 3 per cent. greater than those obtained by the method Dreyer used.
ince the sitti ng heights for the children reported in this paper were obtained with the subjects seated on a chair, against a perpendicular wall, it is necessary to reduce my averages 3 per cent. to render them directly comparable with the measurements by Dreyer. The corrected sitt ing heights are recorded in Tables 7 and 8 .
The values for K with the boys (Table 7) as derived from the averages of vital capacity for each corrected itting height during childhood are by no means a constant. The results obtained show a gradual decrease from an average of 2.71 to 1.93 with an increase in sitting height from 53 to 87 cm. \Vith further growth in stem length the value determined for K remains practically constant, possibly tending to increase slightly a 2 s sitting height increases. It. is evident, the.refore, that the formula SH = K is not a correct express10n of the relation between the vital capa~·iiy and sitting height for the boys. Apparently this relation is not fully established until well into the latter half of childhood. At this period my data for children give a constant ( 1.93) which is very close to that obtained by Dreyer ( 1.90) for adults.
With the girls accompanying a growth in stem length from 51 to 83 cm., the values derived for K decrease from 3.27 to 2.39, but subsequently remains fairly constant.
It is evident, therefore, that a constant relation between the square of the sitting height and vital capacity also does not exist with the girls in early childhood, and apparently is not established until the girls obtain a sitting height of approximately 79 cm.
The higher values for the constant with the girls, indicates a relatively smaller vital capacity of the lungs for them than for the boys.
The probable error of random sampling (Tables 7 and 8), as determined for the averages based on sitting height, is comparatively small. In general, for each sex, it apparently tends to increase constantly as sitting height and vital capacity increases.
The standard deviations recorded in Tables 7 and 8 resemble those obtained when the cases are grouped on different basis, tending to increase as vital capacity increases, and averaging higher, as a rule, with the boys than with the girls of corresponding stem length. As for relative variability (coefficients of variation; Tables 7 and 8) there is an apparent decrease in its extent with the shorter groups as they increase in stem length, followed by a later period where variability rises to some extent, and, finally, by a period during which it falls again. For the most part, the coefficients range between 10 and 14. In general, then, the degree of variability in relation to the averages as based on stem length is quite similar to that observed with averages based on standing height.
If the observations at each age are distributed in groups differing 2 cm. in stem length, as is done in Tables 9 and 10, some conception of the variation in vital capacity at any age accompanying differences in stem length can be easily detected. The averages in these tables show that the vital capacities at every age are higher, as a rule, for the children with the greater stem length. When we consider, however, the average vital capacity for the children of similar sitting height but varying in age the differences are much less striking and constant.
5. Vital Capacity and Body W eight.-To study the relation between vital capacity and body weight, the data are averaged in Tables 11 and  12 in such manner that each group included subjects who varied not more than 5 pounds in body weight (including clothing). 
:~1 -~cA) :7 ::9 1.:7 . (i. For the boys (Table 11 ) with an increase in gross weight from 43 to 133 pounds the vital capacity increased from 1,157 to 3,635 c.c. Acco.mpanying this increase in weight, amounting to 209 per cent., the y1tal capacity has increased 214 per cent. With the girls (Table 12) for a corresponding growth in weight, the lung capacity increases from 1,099 to 3,047 c.c., or 177 per cent. Thus, while with the boys the relative increase in vital capacity on the average exceeds that in ·weight, just the reverse is true for the girls. The straightened curves derived for vital capacity when averaged for weight are somewhat different in character than those previously described. With the boys the smoothed curve (Fig. 4) shows much less sinuosity than the curves plotted either against age, standing and sitting height. As for the girls the curve based on weight is definitely convex in character, and thus altogether different from those derived from averages determined on the other measurements. The convexity apparently due to the increase in vital capacity occurring at a relatively slower rate than increase in weight during later childhood. As in the case of the curves based on age, standing and sitting height, likewise those plotted against weight may be subdivided into different portions in such manner that each conforms closely to a straight line. It follows, therefore, that the vital capacity may be computed from the body weight by means of the same empirical formula used for the other curves. Wis the net weight in grams, V.C. =vital capacity in cubic centi meters, the power n is 0.72, and K = a constant. The average value obtained for K by Dreyer for data collected largely from male adults is 0.6~. In order to compare this relationship to body weight for ch ildren with Dreyer's findings for adults it was first necessary to correct. my weights for clothing. The net weight for my cases has been detenmned by computing the weight of the clothing and deducting thi s fron: the gross weight. In estimating the weight of clothing the factors published by Bardeen 5 were used and the net weights obtained in this manner are tabulated in Tables 11 and 12 .
With the boys the values obtained for K by means of the formula _ w'• = K are seen to decrease constantly as growth in body weight v.c. occurs, diminishing from an average of 0.955 at a net weight of 40 pounds (18,100 gm.) to 0.701 when weighing 143.8 pounds (65,400 gm.). Thi latter value, 0.701, is quite similar to that (0.69) obtained by Dreyer for adults. It is evident from these results that the constant relation between the 0.72 power of the weight and vital capacity is not established with boys until the net body weight is in the neighborhood of 140 pounds.
\ rith the girls the value for K with an increase in net weight from 40 to 92 pounds decreases from 1.089 to 0.850. 'With further increase in weight the value for K seems to increase slightly. For the girls also, then, the formula advocated by Dreyer is not a correct expression of the relation of vital capacity to body weight for children. It is not until the latter part of childhood that the above relation is fully established. At corresponding age, the values obtained for K (Tables 11 and 12 ) are higher for the girls than for the boys. It follows from this, as shown in numerous other instances, that lung capacity is relatively smaller for girls than for boys of similar size ------------- No dyspnea on exertion Although the present investigation is devoted mainly to a consideration of the vital capacity of the lungs of normal and healthy children, a series of observations were made on a considerable number of subjects suffering from pathologic conditions of the heart and lungs. A brief discussion of the results obtained in each disease is given below.
6. Vital Capacity and Mitra! I11sufficicncy.-Records were obtained for fourteen boys and twenty-six girls suffering from mitral insufficiency of varying degrees of severity (Table 13 ). The data for eight' boys and seventeen girls show the vital capacity to average practically normal for their standing height in spite of the presence of a leaking mitral valve. These children, as a group, are able to play and romp almost as vigorously as normal children without suffering from dyspnea to any extent. With the more severe cases, however, the vital capacity is seen to be greatly reduced, the reduction in some cas:s amounting to more than 50 per cent., and in such instances clyspnea is a very prominent symptom. In general, it may be said, that the tendency to become dyspneic is directly proportional to the degree to which the vital capacity is reduced. Ruebow, 14 Bittorf and Forschbach, 23 Beebak, Bie and Maar,1° Pie ch, 17 \Vilson and Edwards, 24 and others have also noted the vital capacity to be reduced by diseases of the heart. Siebeck 15 attributes the decrease in vital capacity in heart disease to a change in the elasticity of the lungs resulting from engorgement of the pulmonary circulation. From a study of 124 adults suffering from various types of heart disease, Peabody and Wentworth 18 have decided that, in general, patients with a vital capacity of 90 per cent. or more of the normal standard adopted for their sex and height have little or no abnormal tendency to dyspnea. If reduced to 70 or 90 per cent. of the normal, dyspnea appears to be an unusual exertion, while if reduced to 40 or 70 per cent. of the normal the activities of these patients must be greatly restricted. Those with a vital capacity of less than 40 per cent. of the normal are usually confined to bed, and the mortality is high with this group.
Repeated observations made of a few children having mitral disease show that the vital capacity increases as the clinical condition improves. The record for one girl with mitral regurgitation and rheumatic fever i given in Figure 5 . The record of a girl suffering from cardiac decompen ation following a heavy day's work is given in Figure 6 . In each instance the vital capacity is seen to progressively increase, and the hospital records show a similar improvement in their condition clinically. With the older girl (Fig. 6 ) the reduction in vital capacity recorded on the twenty-sixth day of illness followed a tonsillectomy done two days previously. ·when dismissed from the hospital on the twenty-eighth day of illness the vital capacity recorded was considerably higher even than the normal expected for corresponding standing height.
Peabody and Wentworth and Ulrich and Nathanson 2 5 also present records for adult that show fluctuations in the vital capaci ty to correspond with changes in the patient's condition. Periodic measure- '9
-Showing the changes in body temperature, pulse rate, and vital capacity of the lungs from the fourteenth to the thirty-first day of illness, for a girl having acute rheumatic fever, and mitral regurgitation. The solid bl~ck rectangles represent the normal vital capacity for corresponding standing height; the blank rectangles represent the observed vital capacity on succe sive days. -Showing the changes in body temperature, pulse rate, rate of respiration and vital capacity of the lungs from the third to the thirteenth and fo r the twenty-sixth to the twenty-eighth day of illness, for a girls cardiac decom· pensation, and mitral regurgitation. The solid black rectangles r epresent the normal vital capacity for corresponding standing height; the blank rectangles represent the observed vital capacity on successive days. ment of the vital capacity, therefore, affords a simple and practical method of detecting fluctuations in the general condition of the patient.
This study of a limited number of children suffering from di sease of the mitral valve shows that in milder cases in which the vital capacity is practically normal very little respiratory discomfort is experienced even on severe exertion. In more severe cases, however, the tendency to develop dyspnea in a measure parallels the reduction in vital capacity.
• 7. Vital Capacity and Acute Bronchitis.-In Table 14 are recorded the average vital capacities for seventeen boys and fourteen girls, respectively, having acute bronchitis, which shows that the vital capacity is considerably reduced by this condition. The individual data show the degree of reduction to be rather marked in the more severe cases. Often the presence of considerable mucus in the trachea and bronchi provokes peroxysms of coughing toward the end of expiration, and thus prevent its completion. Even with the patients showing the greatest reduction in vital capacity due to their bronchitis, there was little complaint of dyspnea. Peabody and Wentworth also record that the vital capacity of the lungs may be considerably reduced following the inception of acute bronchitis. 8. Vital Capacity and Labor Pneumonia.-During the past year vital capacity records were obtained of eleven children durina an attack of pneumonia. The data for nine of the children (Table 15) show the vital capacity to be enormously reduced early in the · course of the di ease. The degree of reduction is greatly out of proportion to the exten: of the pneumonic process even with patients n~t suffering from pleunsy. For example, one boy (Case 1) on the fifth day of illness, although free from pleurisy, was able to expire only 450 c.c., which . about one third the normal expected for corresponding standing height. At the same time, fturoscopic examination demonstrated the ?neumonia to be limited to the lower lobe of the right lung. In this msta~ce, although, roughly, one fourth or less of the total lung tissue was mvolved by the pneumonic process, nevertheless, the vital capacity wa s reduced by three fourths. In other cases the reduction is equally ~triking. The general weakness of the patient is evidently a factor in reducing the vital capacity.
The initial reduction in vital capacity, and its gradual return to normal following recovery from lobar pneumonia is clearly shown for two boys in Figures 7 and 8 . In the case of the older patient (Fig. 7) , on the second day of illness the vital capacity was reduced 35 per cent. At this time the clinical diagnosis was somewhat uncertain. On the fourth day, however, a diagnosis of lobar pneumonia was definitely established, and the vital capacity was now reduced approximately 71 per cent. Following the crisis the vital capacity gradually [I .. Fig. 8 .-Showing the changes in body temperature pulse rate rate of resp.ira-'.ton. and the vital capacity of the lungs from the first to th~ fourteenth day of illness, for a body having lobar pneumonia. The solid black rectangles represent the normal vital capacity for corresponding standing height; the blank rectangles represent the observed vital capacity on successive day.
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vital capacity remained considerably below normal. Accompanying slight improvements in the patient's general condition, the vital capacity increased slightly, but decreased again when he felt worse. At the time the last observation was made the vital capacity was still 36 per cent. below the expected nom1al. During the course of this investigation the disappearance of physical signs was observed in several instances to precede the complete return of vital capacity to normal.
9. Vital Capacity and Bronchial Asthma.-Several patients subject to attacks of asthma visited the dispensary during the past winter. The with normal averages for corresponding height. The reading for only five of the boys appeared to be definitely subnormal. However, on comparing the stem length of each of these boys with the normal as f?u.nd by Boas 26 for corresponding height, in each instance the observed s1ttmg height is found to be considerably less than that expected of boys of their height. Since standing height seemed rather abnormal with these boys as compared with their sitting height, it was thought that the records would probably agree more closely with averages of vital capacity based on stem length. When the observed vital capacities _was compared with the normal expected for corresponding stem length m each instance, the vital capacity appears to be practically normal as compared with the normal for corresponding sitting height. In general, then, it is doubtful if the lung capacity of any of these forty-six boys can be considered as definitely abnormal in this respect.
For the girls (Table 17 ) the average vital capacity agrees fairly well with the normal expected for corresponding standing height. In only four instances were the readings significantly subnormal.
While the number of observations is too small to permit of very sweeping conclusions, nevertheless, the data indicate that the vital capacity is usually normal in children reacting positively to the intracutaneous application of old tuberculin and showing little additional evidence of tuberculosis aside from a positive D'Espine and a comparatively poor health record. Certain of these children, however, have an abnormally low vital capacity. These may be the ones who are most likely to develop serious forms of the disease in the future. Later determinations of their vital capacity, if showing a further decrea e, would probably give immediate clue to· any change in their pulmonary condition.
In addition to these children showing a minimum evidence of tuberculosis, the lung capacity also of twenty-six boys and seventeen girls with definite tuberculosis of bone was studied. The data obtained from this series of patients are recorded in Table 18 . The average value for the readings for each sex appear to be practically normal for standing height. For a few of the individual , however, the lung capacity was abnormally low, especially with the more erious case . For one boy the reduction amounted to 40 per cent. This boy ha a marked kyphosis of the midthoracic region which i completely ankylosed. The marked deformity and resultant mechanical interference with inspiration probably accounts partly for his low vital capacity, especially since the lungs are apparently normal.
For another patient the vital capacity was 46.4 per cent. below the normal expected. This patient was in a very poor general condition, weighing only 49 pounds, and has an active tuberc~1losis o_f the_ lower lumbar spine with a psoas abscess and several d1scharg111g smuses. The roentgen ray also revealed a marked shadow about the hilus and considerable mottling throughout the lung field. Six months later the vital capacity was recorded a second time and during this period was found to have decreased from 1,050 c.c. to 750 c.c., a decrease of about 29 per cent. At this time his condition was definitely worse than at the previous examination. In this instance one, no doubt, would little abnormal tendency to dyspnea on exertion. In more serious cases the vital capacity is greatly reduced, and the tendency to respiratory embarrassment is proportional to the reduction in lung capacity. 3 2 • 13. When the condition of the heart improves, the vital capacity gradually increases.
14. Acute bronchitis produces a temporary reduction in vital capacity, which in severe cases may be very marked. . 15. During the course of lobar pneumonia the vital capacity rapi.dly undergoes an enormous reduction, .even in cases free from pleunsy. The reduction is altogether out of proportion to the extent of t.he pneumonic process in the lungs. Following the crisis, the vital capacity gradually returns to normal, in a comparatively short time. Physi_cal signs of the disease, however, may disappear before the normal vi:al capacity is reached. In complicated cases the return of vital capacity to normal may be greatly delayed.
16. While bronchial asthma may cause an enormous reduction in the vital capacity immediately following an acute attack, nevertheless t1:e reduction promptly disappears as the symptoms subside. Even Ill children subject to the disease for several years, there is apparently no permanent reduction in the vital capacity of the lungs. 17. \Vith children showing slight evidence of tuberculosis, such as a positive Pirquet (tuberculin) reaction, and having a poor health record, and also with those having definite tuberculosis of bone, the vital capacity is normal, as a rule. In a few instances, however, the lung capacity is sufficiently subnormal to lead one to suspect some pulmonary involvement.
In incipient pulmonary tuberculosis the vital capacity may be practically normal, even in the presence of a very active and virulent infection in the lungs.
In advanced pulmonary tuberculosis the vital capacity of the lungs is greatly reduced, in proportion to the extent of the disease process.
18. The abnormal tendency to dyspnea on exertion is much more marked when the reduced vital capacity is caused by disease of the heart, than when caused by disease of the lungs alone, even in instances where the reductions are similar in extent. Decembe1-, 1922, Vol. 24, pp. 451-496 
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